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Feeding ecology of the southern lanternshark, Etmopterus baxteri, and the brown 
lanternshark, E. unicolor, from south-eastern Australia 
 
Chris S. Hallett, Ross K. Daley 
 
Abstract 
Little is known about the ecological interactions between bycatch species and orange 
roughy (Hoplostethus atlanticus) within exploited slope and seamount communities 
off Tasmania. We describe the diet of Etmopterus baxteri and E. unicolor, two 
important bycatch species of these fisheries, using four different indices (%O, %N, 
%W, %IRI) calculated for broad prey categories, individual prey taxa, and functional 
prey groups. The identifiable diet of E. unicolor was dominated by benthic 
cephalopods (96 %IRI), whereas benthic teleost prey, notably orange roughy (43 
%IRI), dominated the diet of E. baxteri. Similar trophic mechanisms appear to support 
aggregations of orange roughy and Etmopterus spp. off Tasmania; they feed upon 
demersal species and mesopelagic or vertically migrating nekton advected laterally 
onto the mid-slope. The importance of teleost prey in the diet of E. baxteri apparently 
increased with shark length, whereas crustaceans became less important, which is a 
similar diet shift to that of orange roughy. Etmopterus baxteri is both a potential 
competitor and predator of orange roughy in these ecosystems. We suggest that 
fishery managers should give careful consideration to understanding the complex 
trophic interactions between orange roughy, sharks and other exploited species in 
managing recently reopened deep-water fisheries off south-eastern Australia. 
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1. Introduction 
Deep-sea ecosystems, most notably seamounts, often support diverse fish 
communities dominated by aggregations of long-lived, slow growing pelagic and 
demersal species which are exploited by deep-water fisheries (Koslow et al., 2000). 
Since the late 1980s, orange roughy (Hoplostethus atlanticus) have been heavily 
targeted in mid-slope and seamount communities (700 – 1200 m) off southern and 
eastern Tasmania (Larcombe and Begg, 2007). Species of oreo dory (Oreosomatidae) 
and dogfish shark (Squalidae) have also been taken from these depths, initially as 
bycatch of orange roughy fishing, and later targeted to a smaller extent. Together 
these teleosts and sharks dominate the mid-slope demersal fish communities, with 
orange roughy, oreos and dogfishes each forming significant proportions of the total 
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biomass of fishes caught in demersal trawls (40 – 110 mm codend mesh) over these 
areas (23 %, 22 %, and 20 %, respectively; Koslow et al., 1994). 
 
To prevent overfishing, orange roughy catches have been regulated by a range of 
measures in Australia since the early 1990s, including a total allowable catch that has 
been set annually. Despite these measures, orange roughy became overfished in 2006 
and is now listed as Conservation Dependant under Australia’s Environment 
Protection and Biodiversity Conservation (EPBC) Act. Consequently, most of the 
historical fishing grounds deeper than 700 m were closed to fishing, with the 
exception of the Cascade Plateau (Larcombe and Begg, 2007). Observer data show 
that catch rates of some species of mid-slope dogfishes have also declined off south-
eastern Australia, and a number of these species have been assessed as high risk 
following ecological risk assessment, requiring careful monitoring and management 
(Larcombe and Begg, 2007, Walker and Gason, 2007). 
 
To facilitate recovery from overfishing, a conservation program is now under 
development for orange roughy. The management plan allows sustainable fishing for 
blue grenadier and king dory in some recently reopened areas (Deepwater Resource 
Assessment Group, 2009) but is required to consider the effect of the previous and 
any future fishery on bycatch species (including orange roughy and sharks) in 
addition to target species, as well as on habitats and the vulnerable deep-sea 
ecosystem. Ecologically sustainable development (ESD) of these fisheries, including 
those which continue to target aggregations of orange roughy on the Cascade Plateau, 
thus requires an understanding of the ecological interactions between target and 
bycatch species (Fletcher et al., 2005). However, little is known of the trophic 
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mechanisms sustaining bycatch species such as dogfish, or of the ecological 
interactions between these species and orange roughy, within these exploited 
communities off south-eastern Australia. 
 
The southern lanternshark, Etmopterus baxeri, is the most abundant deep-water 
dogfish on the seamounts around eastern and southern Tasmania and is an important 
component of the bycatch from orange roughy fisheries (Daley et al., 2002), yet the 
diets of this and other lanternsharks have not been studied in detail. In New Zealand, 
E. baxteri is reported to feed mainly on fish, including orange roughy, as well as squid 
(Clark et al., 1989; Wetherbee, 2000). In Australia the diet is also thought to consist 
mainly of fish and squid but to date most prey items have been only broadly classified 
(Bulman et al., 2002; Daley et al., 2002).  The diet of E. unicolor, a closely related, 
sympatric bycatch species, is reported to consist mainly of small, unidentified squids 
together with a small proportion of bathypelagic and demersal teleosts (Daley et al., 
2002). 
 
We describe the diet of E. baxteri and E. unicolor to a finer level of taxonomic detail 
than has previously been reported. To gain insight into the trophic ecology of these 
prominent bycatch species, we investigate and compare dependence on benthic and 
pelagic prey and the importance of fish, squid, and crustaceans in the diet. Where 
sufficient data is available, the diet of these lanternsharks is compared to published 
data on that of orange roughy from the same region, to identify trophic interactions 
between these bycatch species and orange roughy off south-eastern Australia. 
 
2. Materials and methods 
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2.1. Sampling 
Specimens were obtained from commercial fishing vessels operating demersal trawls 
(codend mesh size of 110 mm) in Australia’s Southern and Eastern Scalefish and 
Shark Fishery off eastern and southern Tasmania (Fig. 1). All specimens were 
obtained during winter 2003 from mid-slope depths of 640 – 1100 m, with most E. 
baxteri being caught off Cascade Plateau and the great majority of E. unicolor being 
taken over the Southern Hills. Specimens were put on ice aboard vessels and were 
examined immediately upon return to dock, whereupon all individuals were sexed, 
measured (total length, LT, ± 1 mm), and weighed (± 0.1 g). 
 
2.2. Diet data 
For each specimen, the digestive tract was examined to determine if the stomach had 
been everted and the mouth was checked to recover everted food items. Stomachs 
were then removed and each prey item was identified to the lowest possible 
taxonomic level (LPT) and weighed using an electronic balance (± 0.01 g). 
Identification of fish prey items was assisted by comparison to the authors’ collection 
of specimens from trawls and to reference collections in the CSIRO National Fish 
Collection, Hobart. Cephalopod prey were identified largely by their chitinous 
mandibles or beaks (Clarke, 1986) and using the authors’ collection of cephalopod 
beaks (deposited at the Tasmanian Museum and Art Gallery, Hobart). 
 
Estimation of the numbers of prey items in each taxon was complicated by the effects 
of feeding behaviour and digestion of prey items. The consumption of partial prey 
items such as pieces of flesh occasionally made it difficult to determine the number of 
prey organisms represented by these pieces. Therefore prey items were counted using 
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the following conventions, so that each individual piece of prey did not necessarily 
constitute an item. An upper and a lower cephalopod beak of similar size and species 
were regarded as one item, on the assumption that they were consumed together as a 
single buccal mass. Two eyes or lenses of similar size and description were regarded 
as a pair and recorded as one item. Collected flesh pieces of an apparently similar 
identity and in a similar state of digestion were regarded as originating from the same 
prey item, except where clearly belonging to different prey individuals (e.g., two tail 
sections from the same species were recorded as two items). Each item was then 
assigned an index of digestion based on a subjective four-point scale (Table 1). 
 
2.3. Data analysis 
Stomach contents were subsequently described using a variety of indices because a 
combination of indices may be required to fully describe the diet of a predator 
(Hyslop, 1980; Liao et al., 2001).  The four indices used were percentage frequency 
of occurrence (%O), percentage by number (%N), percentage by weight (%W) and 
the index of relative importance (IRI), calculated as IRI = (%N + %W)%O (Pinkas et 
al., 1971; Cortés, 1997). 
 
These indices were calculated from two data sets to facilitate both broad and detailed 
descriptions of the diets of each of the two shark species. For the former, prey items 
were aggregated into broad taxonomic groups (‘Crustacean’, ‘Cephalopod’, ‘Teleost’, 
or ‘Other’), whereas indices were calculated for the latter from data on individual prey 
items identified to LPT. For these analyses, non-added %O values were calculated 
(see Cortés, 1997), so that, for example, %O for Teleosts represented the true value 
for the grouped taxonomic level, as opposed to the sum of all %O values calculated 
for each individual teleost species. To facilitate comparisons among different food 
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types, IRI was expressed as a percentage of the sum of IRI across all prey categories 
(%IRI; Cortés, 1997). To evaluate the precision of these estimates of prey importance 
(Tirasin and Jørgensen, 1999), bootstrap methods (1000 independent random samples 
with replacement) were used to estimate means and 95 % confidence intervals (2.5th 
and 97.5th percentiles) for each of the dietary indices (Haddon, 2001). 
 
To investigate sample-size sufficiency for characterizing the diet of each species in 
terms of both LPT and broad taxonomic groups, cumulative prey curves were 
constructed using the PRIMER v6 multivariate statistics package (Clarke and Gorley 
2006). Cumulative numbers of observed taxa across samples (Sobs) were calculated, 
along with several non-parametric estimators of total prey taxon richness (Chao 1 & 
2, Jacknife 1 & 2, Bootstrap), as the accuracy and utility of different estimators may 
depend upon the data in question (Colwell and Coddington, 1994; Bartels and Nelson, 
2007). Sample order was randomized across 1000 permutations and plotting of the 
averages of permuted curves removed the effect of sample order to produce smoothed 
curves for each of the richness estimators. 
 
To examine ontogenetic changes in the diet, and particularly dietary differences 
between immature and mature individuals, dietary indices for the broad taxonomic 
groups were then calculated from data for pooled stomachs of E. baxteri specimens 
assigned to each of the following size classes: LT 290  – 549 mm; 550 – 649 mm; 650 
– 749 mm; and 750 – 900 mm. Specimens within the smallest length class were 
presumed to be immature individuals, on the basis of reported sizes at maturity (L50) 
of ca. 63 cm for females and 54 cm for males (Straube et al., 2008), and remaining 
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individuals of  >549 mm LT were arbitrarily divided into three length classes of 
approximately equal range. 
 
Finally, prey items were aggregated into ecological groups (i.e. ‘Benthic 
Cephalopods’, ‘Pelagic Cephalopods’, Benthic Teleosts’, ‘Pelagic Teleosts’, etc.) 
according to information on their distributions in the published literature and on 
SeaLifeBase (Palomares and Pauly, 2010), to distinguish the relative importance of 
pelagic and benthic organisms in the diets of each shark species. For the purposes of 
this classification, 'Benthic' groups included benthopelagic/demersal organisms, or 
those closely associated with the continental slope, whereas 'Pelagic' referred to 
oceanic, midwater/vertically migrating organisms. Unidentified items, unidentified 
cephalopods, and unidentified teleosts were eliminated from this analysis, and dietary 
indices for each ecological prey category were calculated from data for pooled 
stomachs of each species, using non-added values. 
 
3. Results 
3.1. Etmopterus baxteri 
In total, 421 specimens were caught and examined,  the majority of which were 
mature individuals. Sex ratios were skewed towards females (71.5 %). The size range 
of females collected was wider than for males: 290 – 840 mm LT compared to 440 – 
730 mm LT. Females were also larger on average than males: mean LT ± s.e..= 685 ± 6 
mm compared to 602 ± 4 mm, respectively.  Of the 421 stomachs examined, 263 
(62.5 %) were empty and 45 (11%) were everted. Approximately 60 % of E. baxteri 
stomachs with food contained only a single item and fewer than 5 % contained 
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multiple incidences of a single prey taxon. No stomach contained more than five 
different prey items. 
 
The cumulative curve for observed E. baxteri prey items classified to broad 
taxonomic groups (Sobs) reached an asymptote, revealing the diet of this species to be 
adequately characterised in broad terms (Fig. 2a). In contrast, the cumulative prey 
curve based on LPT (Sobs) failed to reach a defined asymptote, indicating that the 
sample size of 421 specimens was insufficient to completely characterise the diet of 
this species at this level (Fig. 2b). Estimators predicted the maximum number of prey 
taxa (LPT) in the diet of this species to be between 49 (Chao 1) and 58 (Jacknife 2), 
based on the sample data. 
 
In broad terms, the diet of E. baxteri was dominated by teleost prey, which occurred 
in over 67 % of all specimens with food and contributed approximately 80 % by 
weight to the diet (Table 2). Cephalopod prey items were also important and occurred 
in 41 % of stomachs with food, though the %IRI value for cephalopods was only 18.1 
%, attributable to their relatively low contribution by weight (16.72 %). Crustaceans 
were a minor component, occurring in 7.5 % of the stomachs with food, and 
represented only 1.7 % of all prey items by weight, with a %IRI value of 0.5 %.  
When the prey items were resolved to lowest possible taxa, four taxa dominated the 
diet of E. baxteri (Table 2). Vampire squid, Vampyroteuthis infernalis, occurred in 
over 12 % of all stomachs with food, yet a low %W value of 2 % resulted in this 
species having an IRI value of only 5.6 %. Unidentified teleost and cephalopod prey 
had IRI values of 36.0 % and 8.9 % respectively, but the most important prey item 
was orange roughy (42.4 %IRI), primarily due to the large contribution of this species 
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in terms of wet weight. Of the prey items of E. baxteri which were identified as 
orange roughy, 42 % were freshly consumed (digestion state 1), whilst one third were 
in an advanced stage of digestion (states 3 and 4). 
 
Benthic teleosts and benthic cephalopods dominated the identifiable diet with a 
combined IRI of 66.8 %, although pelagic prey formed one third of the diet of E. 
baxteri (Table 3). Teleosts were the most important of the pelagic prey types, with an 
IRI value of 26.7 %, whereas pelagic crustaceans, pelagic cephalopods, and tunicates 
accounted for small proportions of total prey numbers and weights. 
 
The diet of E. baxteri appeared to vary by size. The importance of teleost prey 
increased with length, from 56.5 %IRI in the diet of individuals of 290 – 549 mm LT
 
, 
to ca. 86 %IRI for individuals in the 750 – 900 mm length class, whereas crustaceans 
were apparently important (25 %IRI) only in the diet of the few individuals in the 290 
– 549 mm length class (Fig. 3). The contribution of cephalopod prey was variable 
across length classes, ranging from 13.7 to 21.2 %IRI, and the contribution of ‘other’ 
prey was minor (≤ 0.5 %IRI) across all length classes. 
3.2. Etmopterus unicolor 
Sex ratios were comparable (49 % females) among the total of 51 specimens caught 
and examined. Again the majority of specimens were mature individuals. The size 
range of females was wider than that of males (300 – 700 mm LT compared to 540 – 
650 mm LT) and mean LT was greater for females than for males (mean ± s.e. = 624 ± 
17 mm compared to 589 ± 5 mm, respectively). Of the 51 stomachs examined, 23 (45 
%) were empty and only 1 was everted. Approximately 35 % of E. unicolor stomachs 
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with food contained a single item and 44 % contained multiple incidences of a single 
prey taxon. 
 
The cumulative curves for observed E. unicolor prey items classified to both broad 
taxonomic groups and lowest possible taxa (Sobs) failed to reach defined asymptotes, 
indicating that the sample size of 51 specimens was insufficient to accurately 
characterise the diet of this species (Fig. 4). Thus, data for this species may reflect 
only a partial representation of its dietary habits. Richness estimators predicted the 
maximum number of prey taxa (LPT) in the diet of this species to be between 17 
(Bootstrap) and 46 (Chao 1 & 2), based on the sample data. 
 
The diet of E. unicolor differed from that of E. baxteri in broad terms and was 
dominated by cephalopods (84.5 %IRI), which occurred in 89 % of stomachs with 
food (Table 4). Identified teleost, crustacean, and pyrosome prey taxa each had an IRI 
value of less than 1 %. An unexpected inclusion in the diet was that of penguin tissue 
(family Spheniscidae). Histioteuthid squid were important in the diet of E. unicolor, 
with a combined IRI value of 44.2 %, the majority of which was attributable to the 
prevalence of Histioteuthis macrohista and unidentified histioteuthid tissues. An 
unidentified cranchiid squid species was also prominent in the diet, occurring in over 
14 % of specimens containing identifiable food items. 
 
The identifiable diet of E. unicolor was found to be composed almost totally of 
benthic cephalopods (96.03 %IRI; Table 5), although  this figure has been inflated by 
the elimination of unidentified teleost prey, which accounted for a relatively large 
proportion of the total diet (Table 4), from the analysis. Benthic cephalopods occurred 
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in almost three quarters of all stomachs containing identifiable food items and 
accounted for over 75 % of total identifiable prey numbers. Although infrequent (5.3 
%O), pelagic cephalopods accounted for almost 30 % of total identifiable prey 
weight, attributable to the presence of a few individuals of large mass (Table 5). 
 
4. Discussion  
4.1. Etmopterus baxteri 
Prey items were observed in 37.5 % of E. baxteri stomachs, in accordance with 
Bulman et al. (2002), who reported 39 % of E. granulosus (= E. baxteri) stomachs 
containing food. The high incidence of E. baxteri with empty stomachs corresponds to 
a trend among deep-water predators feeding on large fish and invertebrates and may 
be indicative of infrequent feeding or rapid digestion rates (Merrett and Roe, 1974). In 
addition, almost two-thirds of E. baxteri stomachs with food contained only a single 
item, whereas very few contained multiple incidences of a single prey taxon. 
Mauchline and Gordon (1986) interpreted such patterns in stomach contents as 
indicative of primarily opportunistic feeders that occasionally obtain multiples of a 
prey species. 
 
Our results, showing the diet of E. baxteri to be dominated by teleost prey (67 % IRI), 
are similar to those of previous studies which reported an IRI value of 69.4 % for 
teleost prey in the diet of E. baxteri from New Zealand (Clark et al. 1989) and teleost 
prey dominating the diet of E. baxteri from southeastern Australia (Daley et al. 2002. 
In a previous study, teleosts accounted for 88.4 % of total prey wet weight (Bulman et 
al. 2002), similar to the 81 % in the present study, and cephalopod prey items were 
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present in 25 % of stomachs with food (Daley et al. 2002), in comparison to > 40 % in 
the present study. 
 
The importance of teleost prey appeared to increase with shark length, whereas 
crustaceans were important in the diet of the few individuals  < 550mm LT and were 
absent from that of individuals  ≥ 750 mm LT. However, small sample sizes for the 
smallest and largest length classes prohibited statistical verification of ontogenetic 
diet shifts during the current study. Further work would be needed with a larger 
sample of immature individuals to definitively identify ontogenetic changes in the diet 
of this species, though this is now largely precluded due to the closure of much of 
these historic fishing grounds. These variations in diet among size classes of E. 
baxteri are similar to those reported by Bulman et al. (2002) for orange roughy off 
southern Tasmania. 
 
At the level of LPT, the 42 prey taxa identified accounted for 72 – 86 % of the 
maximum prey species richness estimated for this species, supporting a more detailed 
examination of its trophic ecology. In several respects, the diet of E. baxteri is similar 
to that of orange roughy. Pelagic teleosts accounted for 27 %W of the identifiable diet 
of E. baxteri, comparable to the 23 %W for pelagic teleosts in the diet of orange 
roughy (Bulman et al. 2002). The pelagic teleost prey taken by E. baxteri included 
Epigonus lenimen, Chauliodus sp., and Myctophidae, each of which has also been 
reported from the diet of orange roughy (Bulman and Koslow, 1992). Benthic 
cephalopods, notably Histioteuthis miranda and Vampyroteuthis infernalis, occurred 
in almost a third of Etmopterus baxteri stomachs with identifiable food, but made 
only a minor contribution by weight. Cephalopod prey in the stomachs of orange 
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roughy from eastern Tasmania comprised 23 %W and 11.1 %O (Bulman and Koslow 
1992). The diet of E. baxteri is indicative of a benthopelagic piscivore. Similarly, 
orange roughy are opportunistic predators of bentho- and mesopelagic crustaceans, 
fish, and squid (Bulman and Koslow 1992). The occurrence of shared prey species 
included in the diets of both E. baxteri and orange roughy, and a suggestion of similar 
size-related variation in their diets, indicates the potential for competition between the 
two species.  
 
In addition to co-occurring with orange roughy and preying upon similar species, E. 
baxteri also preys upon orange roughy, which was the most important prey item in the 
diet of E. baxteri. Similarly, Daley et al. (2002) found demersal teleost prey in 25 % 
of E. baxteri stomachs with food, most of which were orange roughy and 
oreosomatids (Daley et al. 2002), and orange roughy were common in the stomachs of 
E. granulosus (= E. baxteri) from the Chatham Rise, New Zealand (Wetherbee 2000). 
Orange roughy accounted for one-fifth of the energy in the diet of E. granulosus (= E. 
baxteri) off southern Tasmania, but active predation of E. baxteri upon orange roughy 
was deemed unlikely, due to their approximately similar size (Bulman et al. 2002). 
However, in the present study, the majority of orange roughy remains took the form 
of bite-sized sections from the dorsal, caudal, and ventral regions of the prey (C. 
Hallett, personal observation), in accordance with predation by ambush from behind, 
above, or below the prey. Moreover, approximately one third of all orange roughy 
tissues retrieved from stomachs of E. baxteri were in an advanced stage of digestion, 
which suggests that these roughy had not been consumed whilst in the net. 
 
4.2. Etmopterus unicolor 
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Cumulative prey curves for E. unicolor suggested that larger sample sizes would be 
required to adequately characterise the diet of this species, particularly in terms of 
LPT, with the 14 prey taxa identified accounting for as little as 30 % of the maximum 
prey species richness estimated for this species. Thus, the descriptions of the diet of 
this species are tentative, and larger sample sizes would be required to achieve a 
robust diet characterisation. Nonetheless, the data presented here do shed some light 
on the possible trophic mechanisms supporting these lanternsharks off Tasmania. 
 
Identifiable prey taxa in the diet of E. unicolor were composed almost totally of 
benthic cephalopods, with the inclusion of several species of small pelagic teleost. In 
the only other study to consider the diet of E. unicolor from south-eastern Australia, 
there were small, unidentified squid in 80 % of stomachs with food, along with three 
bathypelagic fish species (Daley et al. 2002). Histioteuthid squid, notably 
Histioteuthis macrohista, were common in the diet of E. unicolor, with a large 
contribution by weight. The geographical distribution of H. macrohista and several 
other histioteuthids, including H. atlantica, is closely related to the intrusion of 
Antarctic Intermediate Water (AAIW) onto continental slopes (Roeleveld et al., 
1992), and it is likely that residual northward currents occurring at mid-slope depths 
(800 – 1200 m) around Tasmania brought these benthic cephalopod species in close 
proximity to Etmopterus spp. on the mid-slope (Koslow et al., 1994). 
 
Several pieces of penguin flesh (family Spheniscidae) were also retrieved from the 
stomach of an individual of E. unicolor caught on the Southern Hills off Tasmania. 
Penguins have not previously been recorded as the prey of Etmopterus spp., and this 
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incidence indicates that the largely teuthivorous E. unicolor is an opportunistic 
scavenger of falling carcasses. 
 
4.3. Dietary indices & Implications 
Considerable variability accompanied estimates of the mean importance of individual 
prey taxa in the diets of both species, but particularly in the case of E. unicolor. Other 
authors similarly have found the precision of estimates of dietary importance to be 
poor, most notably for those indices based on %W or %N (Tirasin and Jørgensen, 
1999; Braccini et al., 2005). For species such as these lanternsharks, which consume a 
wide range of prey items differing markedly in size, our results support the conclusion 
that the use of multiple dietary indices enables a better representation of shark diet 
(Ferry and Cailliet, 1996; Braccini et al., 2005). Far from being problematic, 
differences among estimates of prey importance based on indices using weight, 
number, or frequency of occurrence of prey groups illuminate the potential biases 
associated with each of the measures. Application of this full suite of indices, coupled 
with the use of compound indices such as %IRI, facilitates interpretation of the 
robustness of dietary descriptions in light of their inherent biases (Cortés, 1997). 
 
Our research presents further evidence that similar trophic mechanisms account for 
the high biomass of both commercial target species (orange roughy) and bycatch 
species (including Etmopterus spp.) in deep-sea ecosystems off Tasmania, namely 
predation upon benthic or demersal fishes and squids and upon mesopelagic or 
vertically migrating nekton advected laterally onto the mid-slope. Advection of 
mesopelagic prey inhabiting AAIW is responsible for supporting mid-slope 
populations of orange roughy on the Southern Hills (Williams and Koslow 1997). 
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Thus, similar trophic mechanisms may, in part, account for the high biomass of 
Etmopterus spp. off southeastern Australia. A better understanding of these 
mechanisms is required to meet the broader ecosystem objectives of revised 
management plans as these fishing grounds are re-opened off southeastern Australia.  
 
In addition, our findings highlight the existence of complex trophic interactions 
between orange roughy and E. baxteri. Given the requirements of Ecologically 
Sustainable Development, our findings suggest that fishery managers should give 
careful consideration to understanding the trophic interrelationships between orange 
roughy, sharks and other species when managing recently reopened deep-water 
fisheries off southeastern Australia. 
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Figure 1. Map of Tasmania showing locations of the three study sites from which 
Etmopterus spp. were obtained; Cascade Plateau (CP), St. Patrick’s Head (PH), 
Southern Hills (SH). 
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Figure 2. Cumulative prey curves for Etmopterus baxteri, calculated for prey 
identified to (a) broad taxonomic groups and (b) lowest possible taxonomic levels. 
Curves shown are the average of 1000 permuted curves constructed using randomised 
ordering of the 421 samples. The observed prey species (= Sobs) accumulation curve 
is indicated by a grey line. Black lines are curves of prey species richness estimates as 
indicated in the legend. 
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Figure 3. Percentage Index of Relative Importance of broad prey taxa in the diet of 
successive length classes of Etmopterus baxteri from waters off Tasmania, calculated 
from pooled diet data. Numbers above bars = numbers of stomachs containing prey 
items. 
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Figure 4. Cumulative prey curves for Etmopterus unicolor, calculated for prey 
identified to (a) broad taxonomic groups and (b) lowest possible taxonomic levels. 
Curves shown are the average of 1000 permuted curves constructed using randomised 
ordering of the 51 samples. The observed prey species (= Sobs) accumulation curve is 
indicated by a grey line. Black lines are curves of prey species richness estimates as 
indicated in the legend. 
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Table 1. Index of digestion of prey items of deep-sea dogfish (Etmopterus spp.) from 
waters off Tasmania (subjective scale). 
Digestion index Description of state of digestion of prey item 
1 Natural colouring of prey material remains apparent. Little or no 
dissociation of prey parts or loss of material - for example at margins 
of tissues. 
2 Some loss of colour and shape as tissues are degraded. Structurally 
intact with soft tissue still attached to hard parts. 
3 Loss of colour may be complete. Loss of shape due to peripheral 
degeneration. Soft tissues largely dissociated, leaving hard parts with 
little attached soft tissue. 
4 Approaching complete digestion. Soft tissues absent. Only hard parts 
or structural tissues remain (e.g. eye lenses, bones, chitinous 
cephalopod beaks [mandibles] and pens [gladii]). 
 
 
 
 
 
 
 
Table 2. Diet composition of 158 Etmopterus baxteri from waters off Tasmania, 
calculated using non-added values. Means and lower (LCL) and upper (UCL) limits 
of 95 % confidence intervals calculated by bootstrapping as outlined in the text. 
Summary totals for broad taxonomic groups in bold. Ecological prey groups (Ecol. 
Group): BCep = Benthic Cephalopod; PCep = Pelagic Cephalopod; BTel = Benthic 
Teleost; PTel = Pelagic Teleost; PCru = Pelagic Crustacean; Tun = Tunicate; Bir = 
Bird. 
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Prey Ecol. Group 
%O %N %W %IRI 
Mean LCL UCL Mean LCL UCL Mean LCL UCL Mean LCL UCL 
Crustacea - Decapoda  7.5 3.8 11.7 5.5 2.6 8.8 1.7 0.4 3.5 0.5 0.2 1.1 
Decapoda, unidentified  BCru 3.1 0.6 6.2 2.3 0.5 4.6 0.4 0.0 1.0 0.3 0.0 0.9 
Aristeidae, unidentified BCru 1.3 0.0 3.3 0.9 0.0 2.4 <0.1 0.0 <0.1 <0.1 0.0 0.2 
Plesiopenaeus edwardsianus BCru 1.3 0.0 3.3 0.9 0.0 2.3 0.6 0.0 1.9 0.1 0.0 0.4 
Haliporoides sibogae BCru 1.3 0.0 3.2 0.9 0.0 2.3 0.5 0.0 1.6 0.1 0.0 0.3 
Sergia potens BCru 0.7 0.0 2.0 0.5 0.0 1.5 0.1 0.0 0.5 <0.1 0.0 0.1 
              
Cephalopoda – Teuthoidea  41.1 33.3 49.0 29.7 24.6 35.2 16.9 7.6 28.9 18.1 11.4 26.9 
Cephalopoda, unidentified  15.6 10.1 21.5 11.5 7.8 15.7 3.2 0.9 6.6 8.9 4.5 14.4 
Enoploteuthidae, unidentified BCep 1.3 0.0 3.2 0.9 0.0 2.4 <0.1 0.0 <0.1 <0.1 0.0 0.2 
Octopoteuthis rugosa PCep 0.6 0.0 2.1 0.4 0.0 1.5 4.1 0.0 14.5 0.2 0.0 1.2 
Lepidoteuthis grimaldii BCep 1.3 0.0 3.2 0.9 0.0 2.4 0.2 0.0 0.5 0.1 0.0 0.2 
Histioteuthidae, unidentified  0.6 0.0 2.1 0.5 0.0 1.5 1.6 0.0 5.4 0.1 0.0 0.5 
Histioteuthis atlantica  PCep 1.9 0.0 4.4 1.4 0.0 1.6 0.3 0.0 1.2 0.1 0.0 0.5 
Histioteuthis eltaninae PCep 0.6 0.0 2.0 0.5 0.0 1.6 0.1 0.0 0.4 <0.1 0.0 0.1 
Histioteuthis macrohista BCep 1.9 0.0 4.3 1.4 0.0 3.1 1.3 0.0 4.0 0.2 0.0 0.8 
Histioteuthis miranda BCep 2.5 0.6 5.1 1.8 0.4 3.6 0.5 0.0 1.1 0.2 0.0 0.8 
Brachioteuthis riisei BCep 0.6 0.0 2.0 0.5 0.0 1.6 <0.1 0.0 <0.1 <0.1 0.0 0.1 
Todarodes filippovae PCep 1.3 0.0 3.3 0.9 0.0 2.4 0.2 0.0 0.6 0.1 0.0 0.2 
Chiroteuthis sp. PCep 3.8 1.2 7.2 2.7 0.9 5.2 3.6 0.0 11.5 1.0 0.1 3.5 
Cranchiidae, unidentified  1.9 0.0 4.3 1.4 0.0 3.2 0.1 0.0 0.1 0.1 0.0 0.2 
Vampyroteuthis infernalis BCep 12.7 7.7 18.2 9.6 5.7 13.1 2.0 0.4 1.0 5.6 2.4 10.1 
              
Urochordata - Thaliacea  2.6 0.6 5.4 1.9 0.4 3.7 0.9 0.0 2.6 0.1 0.0 0.2 
Pyrosomatidae, unidentified Tun 1.3 0.0 3.3 0.9 0.0 2.4 0.8 0.0 2.4 0.1 0.0 0.5 
Salpidae, unidentified Tun 1.3 0.0 3.2 1.0 0.0 2.5 0.1 0.0 0.3 0.1 0.0 0.2 
              
Pisces – Teleostei  67.1 59.9 74.1 48.8 42.5 55.3 80.5 68.1 90.2 81.3 72.6 88.0 
Teleostei, unidentified   29.8 23.0 37.2 21.5 16.2 26.8 9.8 5.3 16.0 36.0 23.5 50.6 
Nettastomatidae, unidentified BTel 0.6 0.0 2.1 0.5 0.0 1.5 2.4 0.0 8.0 0.1 0.0 0.8 
Nessorhamphus sp. PTel 1.2 0.0 3.1 0.9 0.0 2.3 3.1 0.0 10.0 0.3 0.0 1.2 
Nansenia sp. PTel 0.6 0.0 2.1 0.5 0.0 1.6 0.6 0.0 2.2 <0.1 0.0 0.2 
Phosichthys argenteus PTel 1.3 0.0 3.2 0.9 0.0 2.3 0.8 0.0 2.3 0.1 0.0 0.5 
Astronesthidae, unidentified PTel 0.7 0.0 2.1 0.5 0.0 1.5 0.2 0.0 0.8 <0.1 0.0 0.1 
Melanostomiidae, unidentified PTel 2.6 0.6 5.3 1.8 0.4 3.8 0.2 0.0 0.6 0.2 0.0 0.6 
Chauliodus sp. PTel 0.6 0.0 2.1 0.4 0.0 1.5 0.3 0.0 0.9 <0.1 0.0 0.1 
Alepocephalidae, unidentified PTel 0.6 0.0 2.0 0.4 0.0 1.4 0.4 0.0 1.4 <0.1 0.0 0.2 
Myctophidae, unidentified PTel 6.3 2.6 10.2 4.6 2.1 7.4 1.4 0.5 2.7 1.6 0.4 3.3 
Melanocetus sp. PTel 0.6 0.0 2.3 0.5 0.0 1.5 1.4 0.0 5.2 0.1 0.0 0.5 
Ceratioidei, unidentified PTel 1.3 0.0 3.3 0.9 0.0 2.4 1.1 0.0 3.0 0.1 0.0 0.5 
Ceratiidae, unidentified PTel 1.3 0.0 3.2 0.4 0.0 2.4 0.5 0.0 4.6 0.1 0.0 0.3 
Ceratias tentaculatus PTel 0.6 0.0 2.2 0.4 0.0 1.5 1.4 0.0 4.6 0.1 0.0 0.5 
Moridae, unidentified BTel 0.6 0.0 1.9 0.5 0.0 1.6 0.7 0.0 2.5 <0.1 0.0 0.2 
Mora moro BTel 0.6 0.0 2.1 0.5 0.0 1.5 7.4 0.0 23.2 0.3 0.0 2.0 
Hoplostethus atlanticus BTel 19.7 13.9 25.7 14.2 9.8 19.3 41.6 24.9 59.8 42.4 24.8 57.8 
Epigonus lenimen PTel 1.3 0.0 3.2 0.9 0.0 2.5 3.1 0.0 8.0 0.3 0.0 1.2 
Howella sp. PTel 0.6 0.0 2.0 0.5 0.0 1.5 1.3 0.0 8.0 0.1 0.0 0.4 
Tetragonurus cuvieri PTel 2.6 0.6 5.3 1.8 0.4 3.7 2.6 0.1 6.5 0.5 0.0 1.7 
              
Unidentified item  1.3 0.0 3.2 0.9 0.0 2.5 <0.1 0.0 <0.1 <0.1 0.0 0.2 
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Table 3. Diet of E. baxteri (n = 105) from Tasmania - ecological prey groups. 
‘Benthic’ includes demersal, benthopelagic and other organisms closely associated 
with the continental slope. ‘Pelagic’ includes oceanic, mid-water, vertically migrating 
and other organisms not closely associated with the continental slope. Number in 
parentheses below %O = total number of pooled stomachs containing food; below 
%N = total number of prey items; below %W = total prey weight. 
 
Ecological group 
%O %N %W %IRI 
(105) (134) (2 157.2 g)  
Benthic Cephalopods 27.6 25.4 5.9 15.7 
Pelagic Cephalopods 11.4 9.7 9.5 4.0 
Benthic Teleosts 32.4 26.1 61.1 51.1 
Pelagic Teleosts 31.4 26.1 20.7 26.7 
Pelagic Crustaceans 11.4 9.0 1.8 2.2 
Tunicates 3.8 3.7 1.0 0.3 
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Table 4. Composition of the diet of 28 Etmopterus unicolor caught off Tasmania. 
Means and lower (LCL) and upper (UCL) limits of 95 % confidence intervals 
calculated by bootstrapping as outlined in the text. Summary totals for broad 
taxonomic groups in bold. Ecological prey groups (Ecol. Group): BCep = Benthic 
Cephalopod; PCep = Pelagic Cephalopod; BTel = Benthic Teleost; PTel = Pelagic 
Teleost; PCru = Pelagic Crustacean; Tun = Tunicate; Bir = Bird. 
 
 
Prey Ecol. Group 
%O %N %W %IRI 
Mean LCL UCL Mean LCL UCL Mean LCL UCL Mean LCL UCL 
Crustacea - Decapoda  3.5 0.0 12.0 2.0 0.0 6.8 <0.1 0.0 0.1 0.1 0.0 0.8 
Decapoda, unidentified  PCru 3.4 0.0 11.8 2.0 0.0 6.2 <0.1 0.0 0.1 0.4 0.0 1.7 
              
Cephalopoda – Teuthoidea  89.1 76.0 100.0 50.3 38.8 63.0 68.5 46.3 87.1 84.5 63.8 96.3 
Cephalopoda, unidentified  17.9 5.9 33.3 10.3 2.3 20.0 6.4 0.9 15.4 8.8 0.3 27.0 
Moroteuthis robsoni BCep 3.4 0.0 11.1 2.0 0.0 6.8 0.3 0.0 1.2 0.4 0.0 2.0 
Histioteuthidae, unidentified  22.0 8.7 37.9 12.2 3.8 21.6 25.6 7.5 49.0 22.3 1.8 51.5 
Histioteuthis atlantica  PCep 3.8 0.0 12.0 2.2 0.0 7.3 16.7 0.0 46.7 3.3 0.0 17.5 
Histioteuthis macrohista BCep 24.4 9.7 41.4 13.9 5.7 22.0 11.7 1.6 27.5 16.9 1.7 44.2 
Histioteuthis sp. B*  7.1 0.0 17.9 4.1 0.0 10.5 1.7 0.0 5.6 1.7 0.0 7.6 
Cranchiidae, unidentified  14.5 3.4 28.1 8.1 1.8 16.3 6.0 0.0 19.9 6.2 0.2 21.8 
              
Urochordata - Thaliacea  3.5 0.0 12.0 2.1 0.0 7.0 0.4 0.0 1.4 0.1 0.0 0.6 
Pyrosomatidae, unidentified Tun 3.5 0.0 11.5 1.9 0.0 6.6 0.4 0.0 1.4 0.4 0.0 2.6 
              
Pisces – Teleostei  35.7 19.2 53.8 19.9 11.6 27.7 27.5 8.1 51.1 15.0 3.3 36.0 
Teleostei, unidentified   34.9 18.2 53.3 19.8 11.9 28.6 23.4 7.7 42.9 37.1 11.4 66.3 
Nemichthyidae, unidentified PTel 3.6 0.0 11.1 1.9 0.0 6.0 0.3 0.0 1.0 0.4 0.0 2.0 
Lampriformes, unidentified PTel 3.6 0.0 11.1 1.9 0.0 6.0 0.3 0.0 1.1 0.4 0.0 2.0 
Emmelichthys sp. PTel 3.6 0.0 11.5 2.0 0.0 6.7 3.6 0.0 11.3 0.8 0.0 4.4 
              
Aves              
Spheniscidae, unidentified Bir 3.6 0.0 11.5 2.0 0.0 6.7 3.6 0.0 11.4 0.9 0.0 5.2 
* (Clarke, 1980) 
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Table 5. Diet of Etmopterus unicolor (n = 19) from Tasmania - ecological prey 
groups. ‘Benthic’ includes demersal, benthopelagic and other organisms closely 
associated with the continental slope. ‘Pelagic’ includes oceanic, mid-water, vertically 
migrating and other organisms not closely associated with the continental slope. 
Number in parentheses below %O = total number of pooled stomachs containing 
food; below %N = total number of prey items; below %W = total prey weight. 
 
Ecological group 
%O %N %W %IRI 
(19) (26) (455.9 g)  
Benthic cephalopods 73.7 76.9 58.5 96.0 
Pelagic cephalopods 5.3 3.9 28.8 1.7 
Benthic teleosts - - - - 
Pelagic teleosts 10.5 7.7 6.1 1.4 
Pelagic crustaceans 5.3 3.9 <0.1 0.2 
Tunicates 5.3 3.9 0.5 0.2 
Birds 5.3 3.9 6.1 0.5 
 
 
 
